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Abstract —
Intergeneric hybridization

betwt'i'n the epinephcline sorranids Ce-

phalopholis fulva and Parnrilhiaa fur-

cifcr in waters off Bermuda was inves-

tigated by using morphological and

molecular characters. Putative hybrids,

as well as members of each presumed

parent species, were analyzed for 44

morphological characters and screened

for genetic variation at 16 nuclear

allozyme loci, two nuclear (n)DNA loci,

and three mitochondrial (mt)DNA gene

regions. Four of 16 allozyme loci, cre-

atine kinase iCKB'). fumarase {FH*},

isocitrate dehydrogenase UCDH-S*),
and lactate dehydrogenase (LDH-B*),
were unique in C. fulva and P. furcifer.

Restriction fragments of two nuclear

DNA intron regions, an actin gene
intron and the second intron in the

S7 ribosomal protein gene, also exhib-

ited consistent differences between

the two presumed parent species. Re-

striction fragments of three mtDNA
regions— ND4, ATPase 6, and 12S/16S

ribosomal RNA—were analyzed to

identify maternal parentage of puta-

tive hybrids. Both morphological data

and nuclear genetic data were found to

be consistent with the hypothesis that

the putative hybrids were the result of

interbreeding between C. fulva and P.

furcifer. Mean values of 38 morphologi-
cal characters were different between

presumed parent species, and putative

hybrids were intermediate to presumed

parent species for 33 of these charac-

ters. A principal component analysis

of the morphological and meristic data

was also consistent with hybridiza-

tion between C. fulva and P. furcifer.

Thirteen of 15 putative hybrids were

heterozygous at all diagnostic nuclear

loci, consistent with Fj hybrids. Two

putative hybrids were identified as

post-F, hybrids based on homozygosity
at one nuclear locus each. Mitochon-

drial DNA analysis showed that the

maternal parent of all putative hybrid
individuals was C. fulva. A survey of

nuclear and mitochondrial loci of 57 C.

fulva and 37 P. furcifer from Bermuda
revealed no evidence of introgression

between the parent species mediated

by hybridization.
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Poey (1860, 1875) describeti the genus

Menephorus for two species, M. dubius

Poey, 1860 anci M. punctiferus Poey,

1875, each based on a single specimen
of grouper that appeared to be interme-

diate in morphology between the coney,

Cephalopholis fulva and the creole-

fish, Paranthias furcifer. Smith (1966)

analyzed Poey's specimens for 45

meristic and morphometric characters

and found the specimens to be interme-

diate to P. furcifer and C. fulva for 40

of these characters —results consistent

with intergeneric hybridization. Smith

(1966) also noted that P. furcifer may
be more closely related to the epineph-
eline serranids (such as C. fulva) than

previously thought. Interest in this

possible case of intergeneric hybridiza-

tion was renewed in 1993 when Bermu-
dian ichthyology student James Parris

Jr. asked one of the authors if he would

be interested in a specimen his father

caught that "had the head of a coney
and the tail of a barber (creole-fish)."

Since that time several other putative

hybrids have been caught off Bermuda
(Smith-Vaniz et al., 1999), and we have

initiated a program to collect putative

hybrids from local fishermen to further

investigate this phenomenon.
The presumed parents of the puta-

tive hybrids are members of different

serranid genera that have strikingly

different morphologies, occupy different

ecological niches, and have different be-

haviors (Heemstra and Randall, 1993;

Smith, 1966). The major distinguishing

features of P. furcifer are its forked
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Figure 1

Photograph of the creole-fish (top), Paranthicis furcifer. the coney (bottomi, Cephalophulis fulva. and the puta-

tive hybrid (middle), Bermuda. (Courtesy of Jan Cordes. >

caudal fin and the size and shape of its mouth (Fig. 1).

Paranfhias furcifer- is dark red in color; darker dorsally,

lightening ventrally (Heemstra and Randall, 1993). There

is an orange spot at the upper end of the base of the pecto-

ral fin and three white spots dorsal to the lateral line. Ber-

muda is the northern limit of the distribution of P. fiarifer

in the western Atlantic and the species occurs throughout
the Bahamas and Antilles and along the American coast

from the Gulf of Mexico south to Brazil (Smith, 1971;

Smith-Vaniz et al., 1999).

In contrast, C. fulva is usually scarlet in color and cov-

ered with light blue-green spots, each surrounded by a

black ring (Heemstra and Randall. 1993). There are two

black spots on the edge of the lower jaw as well as on top

of the caudal peduncle. CephalophoUs fulva has rounded

caudal, anal, and dorsal fins, similar to fins of other

epinepheline serranids (Heemstra and Randall. 1993)

(Fig. 1). In the northwestern Atlantic. C. fulva has a distri-

bution similar to that of P. furcifer; it occurs as far north

as Bermuda, throughout the Bahamas, Antilles, and along
the east coast of the Americas from South Carolina to

Brazil (Heemstra and Randall. 1993; Smith, 1971; Smith-

Vaniz etal., 1999).

Morphologically, the putative hybrids are almost e.xactly

intermediate to the parent species (Fig. 1). In his 1966 re-

view. Smith noted that the hybrids have some characters

unique to C. fulva and P. furcifer. For example, the puta-

tive hybrid individuals have both a moderately forked tail

and blue spots surrounded by a black ring. Paranthias

furcifer is the only Atlantic grouper with a forked tail sug-

gesting that it is one of the putative parents and C. fulva is

the only Atlantic grouper that has blue spots with a black

ring. Presence of both traits together in a single individual

strongly suggests interbreeding between the two species.

The geographic extent of the putative hybrid is not well

known; however specimens exist from Cuba and Bermuda
(Smith-Vaniz et al.. 1999). and it has been reported from

Jamaica (Thompson and Munro. 1978).

Hybridization has traditionally been detected by using

morphological characters, but increasingly, genetic analy-

ses have also been used for this purpose. Allozyme elec-

trophoresis provides a rapid and cost-effective method to
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assess hybridization (Campton, 1987). Through the analy-

sis of multiple loci it is possible to identify F, and post-F,

hybrids, as well as to detect the introgression of alleles

between species by hybrid backcrossing. It became evident

however, that analysis of nuclear DNA loci is necessary

in studies of hybridization as a means to overcome some

of the sampling restrictions of allozyme analysis and to

provide a sur\'ey of biparentally inherited genes ( Verspoor

and Hammar, 1991). Mitochondrial DNA (mtDNA) has

also been used extensively in studies of hybridization. Be-

cause mtDNA is maternally inherited in fishes, analysis of

the molecule allows one to identify the maternal parent of

F, hybrids, as well as the sexual preferences of Fj hybrids

and their offspring (Dowling et al., 1996).

The key to using molecular markers to identify hybrid-

ization is to find multiple independent nuclear loci and

a mitochondrial gene region that have unique alleles in

each putative parent species (Dowling et al., 1996). An Fj

hybrid would be heterozygous at all nuclear loci and have

a mitochondrial haplotype identical to one parent species

I Campton, 1987; Dowling et al., 1989). A backcrossed indi-

vidual would be heterozygous at some diagnostic nuclear

loci and homozygous at others. Therefore the power of

demonstrating an F, hybrid, as opposed to a backcross

or pure parent individual, increases with the number of

nuclear loci examined.

In this study, genetic information from four diagnos-

tic allozyme loci, two diagnostic nuclear DNA loci, and

three diagnostic mtDNAgene regions, was used to assess

hybridization and introgression between Cephalopholis

fulva and Paranthias furcifer in Bermuda waters.

Materials and methods

A total of 51 Cephalopholis fulva (Linnaeus, 1758), three

C. cruentata (Lacepede, 1802), and 37 Paranthias furci-

fer (Valenciennes, 1828) were collected from Bermuda
with baited handlines or rotenone solution. In addition,

six C. fulva and two C. cruentata were sampled from

Navassa Island. Fifteen putative hybrids were captured

by Bermudian fishermen using handlines or lobster traps.

Cephalopholis cruentata was in-cluded in the study as a

possible parent species of the putative hybrid and three

Epinephelus guttatus (Linnaeus, 1758) specimens from Lee

Stocking Island. Bahamas, were used in the preliminary
mitochondrial DNAstudy.

Specimens were frozen upon capture and stored at -

20°C or -80°C and transported to the laboratory for analy-

sis. For mitochondrial and nuclear DNAanalysis, muscle

tissues were removed and placed in storage buffer (0.25M

EDTA, 20':^ DMSOand saturated with NaCli. For allo-

zyme analysis, 1.5-cm'^ pieces of liver and muscle tissue

were separately homogenized in 250 pL of chilled (4°C)

grinding buffer (0.1 MTris, 0.9 mMEDTA, and 0.05 mM
NADP*, pH 7.2). Samples were centrifuged for 3 min at

16,000 xg and stored at -80°C or analyzed immediately.

Genomic DNAwas isolated from a l.O-cm'' piece of mus-

cle tissue by using the phenol/chloroform protocol of Win-

nepenninckx et al. (1993) with the following modifications.
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malin. Morphometric and meristic characters were exam-

ined as described in Smith (1971) by using dial caHpers
and a meter stick. The morphometric data were analyzed

by using a sheared principal component analysis with a

covariance matrix to confine the effect of size to the first

principal component (Humphries et al., 1981; Bookstein

et al., 1985; Stauffer et al., 1997). The meristic data were

analyzed by using a principal component analysis with a

correlation matrix.

Allozyme analysis

Horizontal starch gel electrophoresis followed the pro-

tocols described in Murphy et al. (1996). Gels (12'7fw/v;

Starch Art Corp., Smithville, TX) were run on one of three

buffer systems: Tris-citrate II buffer (TC II) (30 niAmps for

14 hours), lithium hydroxide buffer ( LIOH) (25 niAmps for

14 hours), or Tris borate-EDTA buffer (EBT) (30 mAmps
for 14 hours). Histochemical staining followed the proto-

cols of Murphy et al. (1996), and locus nomenclature and

allelic designations followed Shaklee et al. ( 1990).

A preliminary survey of 16 loci in 15 individuals each of

C. fidva and P. furcifer (Table 2) was performed to identify

those loci for which the alleles were consistently differ-

ent among the presumed parent species, C. fulva and P.

furcifer. All parent individuals and putative hybrids were

then surveyed for all loci that demonstrated differences

between the species.

Nuclear DNAanalysis

An actin gene intron and the second intron in the S7

ribosomal protein gene (Chow and Hazama, 1998) were

investigated by using restriction fragment length poly-

morphism (RFLP) analysis. Amplification primers and
reaction conditions are listed in Table 3. The regions were

amplified by using the PCRreagent system (GIBCO/BRL
Life Technologies®, Bethesda, MD) and a 25-pL reaction

cocktail ( IX PCR buffer with MgCl.^, 0.2 mMdNTP, 0.5

pM primer, 2.5 U of Tag DNApolymerase, and 25-50 ng

genomic DNA template). Some PCR reactions were per-

formed with Platinum® Tag high fidelity (GIBCO/BRL
Life Technologies®) with a 25-pL reaction cocktail (IX

high fidelity buffer, 2 mMMgSO_,, 0.2 mMdNTR 0.2 pM
primer, and 2.5 U of Platinum® Tag DNApolymerase high

fidelity). In other cases, 1 pL dimethyl sulfoxide (DMSO,
Fisher Scientific BP231-1, Pittsburgh, PA) was added to

the reaction to increase sensitivity

The amplification products from two individuals of each

species for both loci were digested with a panel of restriction

enzymes to identify those that exhibited differences between

the putative parent species. All samples were subsequently

digested with those enzymes that demonstrated differences

in the pilot study (Table 3). Digestion reactions ( 1.5-pL lOX

buffer, 3 U restriction enzyme, and 4-pL PCRproduct) were

incubated 2 to 18 hours at 37°C. Digestion products were

separated on 2.5*7^ agarose gels (1.25% Ultrapure Agarose,
GIBCO/BRL Life Technology I R) + 1.25% NuSieve GTG(R)

agarose, FMC Biochemical, Rockland, ME), stained with

ethidium bromide and visualized under UV light.

Table 2
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Allozyme genotypes of CepI

loci, CKB*. FH*. ICDHS*.
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to identify hybridization between C. fulva and P. furcifer.

With this enzyme, however, C. cruentata had a unique al-

lele and was thus eliminated as a putative parent for the

hybrid individuals.

Mitochondrial DNA

Allelic differences between C. fulva and P. furcifer were

found in all three mitochondrial gene regions. The ATPase
6 region was screened with six enzymes, one of which, Dde
I, showed differences between C. fulva, P. furcifer, and

C. cruentata (Tables 3 and 6). The 12S/16S region was
screened with seven enzymes. Two of these. Ban II and Rsa

I, demonstrated differences between C. fulva, P. furcifer,

and C. cruentata. The ND4 region was screened with nine

restriction enzymes, four of which (BstO I, Hpa II, Mbo I,

and Rsa I) showed differences between the species; mtDNA
composite haplotypes were unique to each species (Table

8). All 15 putative hybrids in the study had a composite

haplotype matching the common haplotype of C. fulva,

indicating that it was the maternal parent for all hybrid
individuals. Three Epinephelus guttatuf! specimens were

screened at the ND4 and ATPase 6 regions and showed a

unique composite haplotype; therefore this species was not

included in the study as a putative parent species.

Discussion

Morphological analysis

In most cases, Fj hybrids should be morphologically
intermediate to the parent species and have low variation

within characters among themselves. Backcross individu-

als, because of random sorting of chromosomes, should

have higher variation within intermediate characters and
could fall anywhere in the morphological range of the pure

parent species (Anderson, 1949). In a principal component
analysis plot, a backcross hybrid's score would be expected
to be closer to the parent species to which the hybrid
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between the genera Paranthias and Cephalopholis. They al-

so cited several morphological and ontogenetic similarities

between the two genera. In the present study, an analysis
of 16 allozyme loci produced a Nei's (1978) unbiased genetic
distance of 0.356 between P. furcifer and C. fulva, which is

within the range reported between Ocyurus chrysurus and

species ofLutjanus (Chow and Walsh, 1992). The mitochon-

drial DNAsequence divergence data indicated that P. fur-

cifer is closer to, or at least no farther from, C. fulva (0.036)

than is C. cruentata (0.042) and that the congeners are most

distant, (0.052). Both values are within the range reported
between other congeneric serranids (Graves et al., 1990).

Taxonomic revision of P. furcifer is not recommended at

this time; however, the incidence of hybridization and the

small genetic distance between C. fulva and P. furcifer sug-

gest that a full-scale phylogenetic analysis of the subfam-

ily is warranted. Such a study would have to include more

species of Cephalopholis, other members of the subfamily

Epinephelinae, and P. colonus, the eastern Pacific gemi-
nate species of P furcifer.
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